INTRODUCTION
The presence of yeasts and bacterial species on grape berry surfaces varies at the quantitative and qualitative levels as functions of several factors (Fleet et al., 2002; Tournas and Katsoudas, 2005; Valero et al., 2005; Raspor et al., 2006; Barata et al., 2012) . Grape berry surface is an unstable habitat that changes greatly according to the stage of grape ripening, which is itself dependent on several environmental factors, such as: rapid changes in temperature, humidity and UV radiation, nutritive limitations, and the application of agrochemical treatments (Pretorius 2000; Comitini and Ciani 2008; Chavan et al., 2009; Èadeþ et al., 2010; Li et al., 2010; Cordero-Bueso et al., 2011) . The study of the microbial communities of grapes is usually addressed to berries, being well established that mature grapes harbour microbial populations at levels of 10 4 -10 6 CFU/g consisting mostly of yeasts and various species of lactic and acetic acid bacteria (Fleet, 2003) . Regarding yeasts, oxidative basidiomycetous yeasts, without any enological interest, like Sporobolomyces, Cryptococcus, Rhodotorula, Filobasidium spp. and Aureobasidium pullulans are mostly prevalent in the vineyard environment (soil, bark, leaves, grapes) (Subden et al., 2003; Prakitchaiwattana et al., 2004; Renouf et al., 2005) . Among the ascomycetes, apiculate fermentative yeasts (Hanseniaspora uvarum [teleomorph] Kloeckera apiculata [anamorph] ) and oxidative yeasts (mostly genus Candida, Pichia and Metschnikowia) are predominant on ripe grapes (Davenport 1974; Sabate et al., 2002; Jolly et al., 2003; Subden et al., 2003; Prakitchaiwattana et al., 2004; Renouf et al., 2005) . However, the microbial ecology of damaged grapes has been poorly studied and it is not clear if damaged grapes are significant vehicles of dangerous spoilage microorganisms (Loureiro and MalfeitoFerreira, 2003) . Several factors affect the dissemination of yeasts on the berry surface and berry rupture is associated with a sudden increase in microbial load to more than 10 6 CFU/g (Fleet, 2003 (Bulgari et al., 2009; West et al., 2010; Compant et al., 2011) . Most research has concentrated on bacteria of oenological interest, like acetic and lactic acid bacteria present in the microflora on grape berries (Barbe et al., 2001; Bae et al., 2006; Nisiotou et al., 2011) . Little information is available about the effects of epiphytic bacteria on other plant parts, like leaves and bark. Despite their importance, the diversity of epiphytic bacteria on grape berries remains poorly described, as is the role of other plant parts and vineyard soil in bacterial colonisation. Soil microorganisms are able to colonise parts of the plant above the ground, including leaves and fruit (Rekah et al., 2000; Compant et al., 2010) . The surface of grape berries represents a natural habitat for bacterial microbiota that has various impacts on the sanitary quality of grapes (Verginer et al., 2010) .
The aim of this study was to study the microflora of the surface of grape berries and identify microorganisms by MALDI-TOF Mass Spectrometry.
MATERIAL AND METHODS
Grape samples. Nineteen grape samples were used in this study. Ripe grape bunches were collected into sterile polyethylene bags and stored at 8-10°C for 24 h until the next microbiological analysis. The grape samples were collected from the Central Slovakian wine region (n = 12), Nitra wine region (n = 4) and Tokaj wine region (n = 3). We investigated grape samples of the following varieties: Rheinriesling (n = 1), Welschriesling (n = 2), Furmint (n = 1), Lipovina (n = 1), Moravian Muscat (n = 1), Pálava (n = 1), Pinot Blanc (n = 1), Pinot Gris (n = 1), Grüner Veltliner (n = 1), Cabernet Sauvignon (n = 1), Blue Frankish (n = 5), Blue Portugal (n = 1), Merlot (n = 1) and Pinot Noir (n = 1).
Microbiological examination and cultivation conditions. Fifty berries from each grape variety were diluted with 50 ml sterile physiological saline (0.85%). Berries were stirred on a horizontal shaker for 15 minutes. After that dilutions 10 -2 and 10 -3 were prepared and used. The spread plate method was used for isolation of yeasts in wine samples and 0. 
MALDI-TOF Mass Spectrometry. MALDI-TOF MS
model Microflex LT/SH biotyper (Bruker Daltonics, Germany, Bremen) was used for identification of bacteria isolated from the red and white wine samples. After cultivation (at 30°C for 2-3 days), isolated colonies were picked up from cultivation media (TSA, MRS) and suspended in 300 µl of sterile distilled water and mixed thoroughly. 900 µl absolute ethanol (99%, Sigma-Aldrich, USA) was added. The mixture was centrifuged at 13 000 × g for 2 min. After that, supernatant was discarded, and the pellet was centrifuged again. Residual ethanol was completely removed by pipetting and the pellet was allowed to dry at a room temperature. Subsequently 10 µl formic acid (70%, Sigma-Aldrich, USA) was added and mixed with the pellet with a sterile toothpick. Next, 10 µl acetonitrile (100%, Sigma-Aldrich, USA) was added and mixed thoroughly. The solution was centrifuged at maximum speed for 2 minutes again, and 1 µl of the supernatant was spotted on a polished MALDI target plate (Bruker Daltonics, Germany). Immediately after drying 1 µl of the matrix solution was added to each spot and allowed to air dry. The matrix used was a saturated solution of HCCA: á-cyano-4-hydroxycinnamic acid (Bruker Daltonics, Germany) dissolved in 50% acetonitrile with 0.025% trifluoroacetic acid (TFA) (100%, Sigma-Aldrich, USA). The matrix solution preparation (2.5 mg of HCCA) contained 500 µl acetonitrile, 475 µl ultrapure water and 25 µl trifluoroacetic acid. Then 2.5 mg HCCA was added to 250 µl of this solution. Samples were then processed in a MALDI-TOF MS (Microflex LT/SH, Bruker Daltonics, Germany, Bremen) with flex Control software v3.4 and the results obtained were analysed with Realtime Classification software (RTC) v3.1 (Bruker Daltonics, Germany). Each spectrum was obtained by averaging 240 laser shots acquired in automatic mode at the minimum laser power necessary for ionisation of the samples. The spectra were analyzed in an m/z range of 2 to 20 kDa (Pavlovic et al., 2014; Van Veen et al., 2010; Marklein et al., 2009) .
RESULTS
We identified from the surface of grape berries 51 species of bacteria belonging to 22 genera (11 gram-negative and 11 gram-positive) and 14 species of yeast belonging to 9 genera with MALDI-TOF Mass Spectrometry. Eleven gram-negative bacterial genera were identified by MALDI-TOF. Percentage of the number of isolates of each genus is shown in Figure 1 for G -on Figure 2 for G + and on 19%) , and also the most species were in these two genera. We identified Bacillus cereus
, and L. paracasei (6%). The highest percentage representation (isolates) by species in G + bacteria belongs to Leuconostoc mesenteroides spp. mesenteroides with 11%, followed by Micrococcus luteus (9%), Bacillus megaterium (9%), and Lactobacillus paracasei (6%). Staphylococcus (11%), Microbacterium (9%), and Arthrobacter (9%) were also present with high species number (five species from each of these three genera).
Yeasts are very important for winemaking. They are present on the grape skin as a natural microflora. The composition of yeast species on grapes depends on factors like temperature, soil, rain, insects, pesticide treatments and grape variety. The most common yeast species associated with grapes were Hanseniaspora uvarum (37%) and Metschnikowia pulcherrima (31%). In our study we identified these yeasts in high numbers. Rhodotorula (10%) species were also very common, but they have no significance in winemaking. Candida was another very common genus on grapes of highly diverse yeasts, and was represented by three species: Candida saitoana, Candida magnolia, and Candida parapsilosis. The last one is also a normal human commensal species and is very often isolated from human skin. Very rare species of yeast in this study were Kazachstania exigua, Issatchenkia orientalis, Yarrowia lipolytica, and Kluyveromyces marxianus.
Grapes also bear a wide diversity of bacterial species common in nature or in other food related environments. bacteria species identified belonged to 11 genera and 9 families: Burkholderiaceae (9%), Caulobacteraceae (4%), Comamonadaceae (4%), Enterobacteriaceae (13%), Flavobacteriaceae (4%), Moraxellaceae (22%), Pseudomonadaceae (22%), Sphingomonadaceae (13%), and Xanthomonadaceae (9%). More than thirty (total 34 species) G + bacteria species belonged to 9 families: Bacillaceae (20%), Enterococcaceae (2%), Lactobacillaceae (19%), Leuconostocaceae (11%), Microbacteriaceae (9%), Micrococcaceae (22%), Paenibacillaceae (2%), Staphylococcaceae (11%), and Streptococcaceae (4%). Yeasts were the most common isolated group of microorganisms from grapes. In total we identified 123 isolates of yeasts, which included 14 species of 9 genera and 5 families (incertae sedis -Rhodotorula). The percentage representation of yeast families by isolates were as follows: Dothioraceae (8%), incertae sedis (11%), Metschnikowiaceae (31%), Pichiaceae (1%), Saccharomycetaceae (45%), and Tremellaceae (4%).
DISCUSSION
The surface of grape berries represents a complex natural reservoir of bacterial microbiota originating from the surrounding environment (Zarraonaindia et al., 2015) . Grapevine bacteria play a key role not only in plant health, but also in crop quality and yields, which can influence the winemaking process (Verginer et al., 2010; Nisiotou et al., 2011) . According to Portillo et al. (2015) the diversity of epiphytic bacteria on grape berries remains poorly described. Numerous studies have analysed the presence of yeast on the surface of grapes (de Andrés-de Prado et al., 2007; Fleet, 1990 ) and many have indicated that Saccharomyces cerevisiae is present only in very small numbers on healthy grapes (Martini, 1993; Pretorius, 2000) . The most frequently isolated native species is Kloeckera apiculata, which may account for more than 50% of the total yeast (Fleet, 1990; Velázquez et al., 1991; Sabate et al., 2002) . Aureobasidium (8% in our study) is a common black yeast-like fungus that can produce the polysaccharide "pullulan" (Singh et al., 2012) . Saccharomyces can be found in grape musts, but the populations are often less than 50 CFU/ml (König et al., 2009 ). We did not isolate Saccharomyces cerevisiae in our study. In good agreement with the findings of many other authors (Fleet et al., 2002; Deak, 2007; Barata et al., 2012) , H. uvarum was the most abundant species on grapes, which means that on average it gave rise to more colonies per grape sample than any other species. According to several authors a new species belonging to the genus Metschnikowia, M. viticola, was isolated from grapes in Hungary (Peter et al., 2005) and many new species have recently been described in the Metschnikowia pulcherrima clade. These include M. chrysoperlae (Suh et al., 2004) , M. fructicola (Kurtzman and Droby, 2001 ) and M. andauensis (Molnar and Prillinger, 2005) . Most research has concentrated on bacteria of oenological interest, like acetic acid and lactic acid bacteria (LAB) present in the microbiota on grape berries (Bae et al., 2006; Nisiotou et al., 2011) . Acetic acid bacteria are usually related with spoilage of wine and Oenococcus oeni and some other LAB species are known to perform malolactic fermentation or to promote spoilage of wine depending on the species or strain. We did not isolate acetic acid bacteria from the surface of grapes used in this study. Bokulich et al. (2012) studied the diversity of microorganisms in spoiled wine with Botrytis cinerea, using molecular genetic methods involving PCR and subsequent sequencing of amplicons, and found that the genera Acetobacter, Gluconobacter, Gluconacetobacter were dominant and the second most represented group was order Lactobacillales. In the range of 1-10% of the identified species, they identified the following genera of microorganisms: Chryseobacterium, Methylobacterium, Sphingomonas, Arcobacter, Naxibacter, Ralstonia, Frigoribacterium, Pseudomonas, Acinetobacter, and Zymobacter . From these genera, we identified Acinetobacter (22%), Chryseobacterium (4%), Sphingomonas (13%) and Pseudomonas (22%) by using MALDI-TOF MS. Acinetobacter is a genus of gram-negative bacteria normally present in the soil, water, and also part of the natural microflora of humans (Towner, 2006) . Chryseobacterium and Sphingomonas (Balkwill et al., 2006) formed orange colonies, and well distinguishable from other less expressive species on a petri dish. The yeast populations of grapes generally comprise between 10 2 and 10 4 cells/g (Fleet et al., 2002) , but higher values have also been reported. Hanseniaspora uvarum appears to be the most common grape berry species worldwide, which is consistent with its predominance in the beginning of spontaneous must fermentations. Like yeasts, lactic acid bacteria are also present in vineyards. Species that have been isolated from grapes include Lactobacillus hilgardii, L. plantarum, L. casei, Oenococcus oeni, Leuconostoc mesenteroides, and Pediococcus damnosus (Lonvaud-Funel et al., 1999) . Acetic acid bacteria are commonly associated with grapes and are normally present in wine must. Unspoiled grapes are reported to have 10 2 -10 3 CFU/g acetic acid bacteria , whereas spoiled and damaged grape can contain more than 10 6 CFU/g (Bartowsky, 2009 (Lerm et al., 2010) . These species may spoil wine when their activity goes beyond malic conversion, particularly in high pH wines, producing off flavours or biogenic amines (Arena et al., 2011; Capozzi et al., 2011; Pan et al., 2011) .
CONCLUSIONS
We identified 65 species of bacteria and yeast by MALDI-TOF Mass Spectrometry. Microbiological analysis was conducted for nineteen grape samples. In total, 200 isolates were analysed by MALDI-TOF. From white grapes 103 microorganisms were isolated and 97 from blue grape varieties. The three main groups of microorganisms were investigated in this study. We identified 17 species of gramnegative and 34 species of gram-positive bacteria, and 14 species of yeasts.
